Chemical composition of the essential oil hydrodistilled from aerial parts of Sonchus arvensis subsp. uliginosus is reported for the first time. GC and GC-MS analyses of the oil enabled the identification of 114 components that represented 97.4% of the total oil. Main identified constituents were heneicosane (28.4%), (Z)-3-hexen-1-ol (19.0%), (E)-2-hexen-1-ol (11.6%), 1-eicosanol (7.5%) and tricosane (5.3%). Fatty acid derived compounds ("green leaf" volatiles, alkanes, n-alkenes, n-aldehydes and n-alcohols) were by far predominant (89.4%). A much lower percentage of shikimate metabolites (5.0%), carotenoidderived compounds (1.7%) and terpenoids (0.9%) has also been detected in the oil. Compositions of the essential oils of S. arvensis subsp. uliginosus and other 18 randomly chosen species, characterized by a wide range of essential oil yields, belonging to different plant genera, were compared using multivariate statistical analysis. The results strongly suggest that the main volatiles of essential oil poor species (yields less then 0.1%) are fatty acid-and carotenoid derived compounds, while essential oil rich taxa (essential oil yields much higher then 0.1%) are generally characterized by the specific production of mono-and sesquiterpenoids, and/or phenylpropanoids.
Sow thistle, the common name for a number of related annual herbs from the genus Sonchus (Asteraceae), are in many areas considered a noxious weed. Sonchus arvensis (field-milk thistle, in Serbian: poljska gorčika), a perennial, is considered the most economically detrimental [1] . However, in China, S. arvensis is valued as a delicious and nutritional potherb and has been used for treating a number of health disorders [2] .
Phytochemically, S. arvensis has been studied mainly for the presence of flavonoids, triterpenoids, eudesmanolids, quinic acid derivatives and phenylpropanoids [2, 3] . Volatile secondary metabolites of the species belonging to the genus Sonchus were studied on three previous occasions [4] . To the best of our knowledge, there is no literature on volatiles extracted from S. arvensis subsp. uliginosus.
The aim of this study was to provide the first detailed GC and GC-MS analyses of the essential oil obtained from free growing wild populations of S. arvensis subsp. uliginosus in Serbia. In addition, compositions of the essential oil of S. arvensis subsp. uliginosus plus 18 other randomly chosen species (belonging to different plant genera and characterized by a wide range of essential oil yieldsfrom 0.002 to 4.5%) were compared using multivariate statistical analysis, in order to establish any correlation between the essential oil yield and composition classes of compounds. This study is affording us the opportunity to put forward arguments for the apparent frequent correspondence between oil yield and composition that has been drawn from years of experience in analyzing plant volatiles. 1 Compounds listed in order of elution on HP-5MS column (RI-experimentally determined retention indices on the mentioned column by co-injection of a homologous series of nalkanes C 7 -C 29 ); 2 a-constituent identified by mass spectra comparison; b-constituent identified by retention index matching; c-constituent identity confirmed by co-injection of an authentic sample; 3 tr-trace (<0.05%); 4 Correct stereoisomer not determined. The GC and GC/MS analyses of the essential oil hydrodistilled from S. arvensis subsp. uliginosus (topical parts of the plant, stems with inflorescences) are given in Table 1 . Identified constituents (114) represented 97.4% of the total oil. Two most abundant compound classes of the oil, both derived from the products of the fatty acid metabolism, were n-alkanes (38.2%) and "green leaf" volatiles (32.4%), followed by saturated n-alcohols (11.2%), aldehydes (5.1%) and shikimate metabolites (5.0%). The main constituents were heneicosane (28.4%), (Z)-3-hexen-1-ol (19.0%), (E)-2-hexen-1-ol (11.6%), 1-eicosanol (7.5%) and tricosane (5.3%). A small amount of carotenoid-derived compounds (1.7%), 1-alkenes (1.3%), terpenoids (0.9%) and branched alkanes (0.7%) have also been detected. As previously mentioned, volatiles of the species belonging to the genus Sonchus were, until now, studied on three previous occasions. However, it is somewhat difficult to compare the chemical composition of the oils obtained from different Sonchus taxa, as the previous analyses were incomplete [4] . Only a small number of detected compounds were successfully identified, however a number of them were most likely of anthropogenic origin [4] . Nevertheless, some similarities in the volatile profiles of Sonchus taxa (mostly concerning the class of identified compounds: alkanes, fatty acids and fatty acid esters) could be observed. One could argue that certain volatiles listed in Table 1 are to be considered as artefacts of the isolation procedure, and not as direct products of the plant metabolism (products of Maillard-type reactions and "green leaf" volatiles) [5] . "Green leaf" volatiles, that represented ca. one third of the analyzed oil, are most probably produced by enzymatic degradation of unsaturated fatty acids, in desiccation as a stress-induced response during collection and preparation [5b].
An interesting feature of the S. arvensis subsp. uliginosus oil was the presence of branched alkanes as minor contributors (0.7%). Branched alkanes have previously been detected as volatiles of some Equisetum species [6] . A mutual characteristic of the mentioned Equisetum taxa and S. arvensis subsp.
uliginosus is that these are species poor in the essential oil (yield 0.002%). Also, fatty acid (e.g. "green leaf" volatiles) and/or carotenoid derived compounds were predominant in the mentioned oils.
This resemblance (and others), at least in respect to the component classes present, of the volatile profiles of species belonging to completely distinct plant A-Thymus pannonicus All. families (Asteraceae and Equisetaceae) provoked us further to test a "class-yield hypothesis" by comparing the class distribution of essential oil components of different, randomly chosen, plant taxa ( Table 2 , [6, 7] ), characterized by a wide range of essential oil yields (from 0.002 to 4.5%). A related hypothesis considering a possible link between oil yield and composition has already been proposed [8] .
Lawrence has suggested that the oil-poor species of the family Lamiaceae produce essential oils rich in hydrocarbons, with germacrene D often being one of the predominant components [8] .
In order to facilitate the discussion, as well as the interpretation the conclusions were supported statistically by principal component analysis (PCA) and agglomerative hierarchical clustering (AHC) ( Table 2 ) using the Excel program plug-in XLSTAT (version 2008.6.07). Both methods were applied utilizing sums of constituent classes (percentages): monoterpenoids (MT), sesquiterpenoids (ST), phenylpropanoids (PP), carotenoid (CD) and fatty acid derived compounds (FAD; those essential oil constituents arising or being directly formed from fatty acids or their "acetate" precursors in a "simple" biochemical or purely chemical fashion: "green leaf" volatiles, alkanes, n-alkenes, n-alcohols, 2-alkanones) and fatty acids and fatty acid esters (FAE) as original variables without any recalculation. The results of AHC and PCA are presented in Figures 1 and 2 , respectively. AHC was performed using Pearson dissimilarity (as aggregation critera simple linkage, unweighted pair-group average and complete linkage were used) and Euclidean distance (aggregation criterion: weighted pair-group average, unweighted pair-group average and Ward's method). The definition of the groups was based on Pearson correlation, using complete linkage and unweighted pair-group average method. AHC analysis (Figure 1) has clearly indicated the existence of three groups of essential oils under study (designations of the oils, capital alphabetic letters (A-S), were given in Table 2 ).
Species from the first group are distinguished from the rest of the taxa mainly by the predomination of monoterpenoids in their oils. At the same time, all of these are essential oil rich species (oil yields from 0.13 to 4.2%; group C1). The only three species rich in essential oil, with the oil yields higher then 0.1%, that are outside of this group are Syzygium aromaticum (sample D), Foeniculum vulgare (sample I) and Verbascum undulatum (sample P). The first two species mainly produce volatile phenylpropanoids and represent a separate group (C2). The third group is comprised of species whose oils are dominated by fatty acid (FAD) and carotenoid derived compounds (CD), and fatty acids and fatty acid esters (FAE). All taxa from this group, except for V. undulatum (oil yield-0.13%) are considered essential oil poor species (oil yields less or much less than 0.1%). In general the above data is corroborated by the principal component analysis (Figure 2 ). In the case of Vaccinium arctostaphylos (sample L) the oil yield was not determined, however, according to the AHC and PCA, one could expect that it is around 0.1%, as there are certain similarities with both essential oil rich and poor species (high level of MT (34.3%) and considerable amount of CD (18.0%) and FAD (6.8%)), making V. arctostaphylos the border line case. A similar consideration could be applied to V. undulatum.
To summarize, the data listed in Table 2 , and the results of PCA and AHC analysis suggest that a mutual characteristic of the observed, randomly chosen, essential oil rich species is the production of terpenoids (MT and ST) and/or phenylpropanoids (PP) as major volatiles. On the other hand, volatiles of essential oil poor species are dominated by fatty acid derived compounds (FAD), carotenoid derived compounds (CD) and fatty acids and fatty acid esters (FAE) . In fact, one could speculate that the predominance of FAD, CD and FAE compounds as volatiles of essential oil poor species may most likely be due to the absence of a more elaborate biosynthetic "apparatus" responsible for the production of volatile terpenoids or phenylpropanoids. To be more precise, it is highly possible that FAD, CD and FAE compounds are also contributors of the volatile profiles of essential oil rich species to the same relative amount (in respect to plant mass) as in oil poor taxa (a few hundreds of a percent), but, as a consequence of the presence of MT, ST and PP in at higher levels (from a tenth of to a whole percent), these are only detected as trace constituents.
This is plausible taking into account that FAD, CD and FAE compounds are generally associated with rather non-specific omnipresent plant biosynthetic pathways (e.g. "green leaf" volatiles as oxylipin products, higher alkanes as wax constituents etc.). For example, in the case of the oil of Hypericum tomentosum (sample G), dominated by terpenoids (MT + ST), with the oil yield close to the 0.1% limit, considerable amounts of FAD, CD and FAE compounds were detected (ca. one fifth of the oil). Higher oil yields may mean a lower relative percentage of the mentioned fatty acid and carotenoid related compounds, and, in that sense, making their identification more difficult, or even impossible.
In conclusion, it seems that the main volatile classes of the oil rich species (yields much higher then 0.1%) are MT and PP, while oil-poor species (yields much lower then 0.1%) are dominated by FAD, FAE and/or CD volatiles. Plant species that could be considered as borderline with respect to the essential oil production (yields ~0.1%) are more heterogenic, as they could have, either ST or MT, FAE, FAD and CD as the main classes of volatiles.
